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SHORT REPORT Open Access
Seroprevalence of antibodies against
Kaposi's sarcoma-associated herpesvirus
among HIV-negative people in China
Tiejun Zhang1,2, Zhenqiu Liu1,2, Jun Wang1,2, Veenu Minhas3, Charles Wood3, Gary M. Clifford4, Na He1,2*
and Silvia Franceschi4
Abstract
Background: Little information on the prevalence of Kaposi’s sarcoma associated herpesvirus (KSHV) among HIV-
negative individuals is available from Asia.
Methods: In the present study, we report findings from a new survey of KSHV in 983 HIV-negative male migrants
from Shanghai and their combination with previous similar surveys of 600 female migrants, 600 female sex-workers
(FSW), 1336 sexually transmitted infection (STI) clinic male patients, 439 intravenous drug-users (IVDU), and 226 men
having sex with men (MSM) from China. KSHV-specific antibodies against latent and lytic antigens were assessed
using Sf9 and BC3 monoclonal immunofluorescence assay. Age-adjusted prevalence ratios (PR) and 95% confidence
interval (95% CI) for KSHV-positivity were estimated using Poisson regression.
Results: In total, 4184 HIV-negative participants were included. KSHV prevalence ranged from 9.8% (95% CI: 7.9%-11.7%)
in male migrants to 32.3% (95% CI: 24.1%-34.1%) in MSM. IVDU show intermediate level (17.5%, 95%CI: 14.1%-21.4%).
KSHV was associated with syphilis (PR = 2.03, 95% CI: 1.38-2.98) in MSM but not in other groups. An association with
human herpes virus 2 was also found among MSM (PR = 1. 83, 95%: 1.22-2.75) but not in migrant workers or FSW.
Conclusions: KSHV prevalence in HIV-negative heterosexuals, FSW, and STI male patients from China is approximately
10%, but 2- and 3-fold higher in IVDU and MSM, respectively. Associations of KSHV with STIs among MSM only suggest
that sexual transmission of the virus is important in MSM but not in heterosexuals.
Keywords: Kaposi’s sarcoma associated herpesvirus, Prevalence, China
Background
Kaposi’s sarcoma-associated herpesvirus (KSHV), also
referred to as human herpesvirus-8 (HHV-8), is the
etiologic agent of KS, primary effusion lymphomas and
multicentric Castleman’s disease (IARC 2012 Vol 100B).
Contrary to other herpesviruses, prevalence of KSHV
varies enormously among regions and sub-populations.
It is generally low (<10%) in the general population in
Northern Europe, the United States and Asia, [1], mod-
erate in the Mediterranean region (10-30%), and high in
sub-Saharan Africa (>30%) (IARC 2012 Vol 100B).
By far the strongest risk factor for KS is immunosuppres-
sion (IARC 2012 Vol 100B). KS risk steeply increases with
the decline in CD4+ count and diminishes rapidly after the
starting of combined antiretroviral therapy (cART) [2]. A
meta-analysis showed that HIV infection was also associ-
ated with a two-fold increase in KSHV prevalence, and a
four-fold increase among HIV-positive men having sex
with men (MSM) [3]. In respect to regional variations,
KSHV prevalence in HIV-infected people increases by
two-times or more in Western countries and by 56% in
sub-Saharan Africa but data on the association of the two
infections from Asia are scant [3, 4].
Like other herpesviruses KSHV is primarily transmitted
via saliva and acquisition in KS-endemic areas typically oc-
curs in childhood from the mother or horizontally. Blood-
borne transmission exists among injection drug users
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(IVDU) and blood recipients but it is rare. [5, 6] Sexual
transmission is considered important in MSM but has not
been demonstrated in heterosexual individuals. [7–11].
To throw more light on the prevalence and the modal-
ities of KSHV transmission among HIV-negative individ-
uals in China, we carried out a new survey of KSHV
prevalence in male migrant workers. We also combined
the new survey with the findings from five additional
HIV-negative Chinese subpopulations that we had previ-
ously studied using the same study protocol [12–15].
Methods
Male migrant workers
From May to October 2015 we conducted a survey
on the characteristics and prevalence of various infec-
tions among male migrant workers in Shanghai,
China (hereinafter referred to as male migrants). The
included migrants were men aged 18 years or older,
had lived in the community for more than 3 months
and were able to provide a written informed consent.
One thousand male migrants were invited and 983 of
them fully complied with study requirements (median
age = 27 years; range: 18-66). They were interviewed
in private by trained staff in Mandarin language using
an anonymized questionnaire that included informa-
tion on socio-demographic characteristics and sexual
behaviours. Venous blood was collected using steril-
ized needles and tubes, and transferred to laboratory
within 2 h after collection while maintaining a cold
chain. Plasma samples were stored at −80 °C until
serological testing.
Serology testing
KSHV testing
Plasma samples were tested by two monoclonal immuno-
fluorescence assays (mIFAs) that target KSHV latent and
lytic antigens [16]. Briefly, two serology tests were per-
formed: first, BC-3 cells (KSHV positive and Epstein-Barr
virus negative B cell line, American Type Culture Collec-
tion, Manassas, VA), stimulated by tetradecanoyl phorbol
acetate (TPA), were fixed and permeabilized and used for
an enhanced mIFA. Second, Spodoptera frugiperda clone
9 expressing 3 KSHV proteins, ORF73, ORF65 and ORF-
K8.1, was used. Sera taken from two KS patients and a
normal person were as positive and negative controls,
respectively, in each assay. The two assays were then
compared, and only samples which were positive for both
BC-3 and Sf9 assay at a standard serum dilution of 1:40
were considered KSHV-seropositive. The testing proto-
col used in our present study have been validated and
shown to have sensitivity of 93.9% and specificity of
96.3% [16]. To guarantee the quality, all slides were
monitored for every batch and were read independently
by two experienced laboratory workers.
Syphilis testing
A rapid plasma reagent test (Span Diagnostics Ltd., Surat,
India), was used and confirmed by the Treponema palli-
dum hemagglutination test (TPHA, Syphagen TPHA,
Biokit, Spain).
HSV-2 testing
HSV-2 IgG antibodies were tested using an ELISA assay
(HerpeSelect 2 ELISA IgG Kit, Focus Technologies, CA,
USA). Equivocal samples were retested using another
ELISA kit (HerpeSelect 2 ELISA IgG Kit, Euroimmun,
Lübeck, Germany).
HCV testing
Anti-HCV immunoglobulin G (IgG) antibodies were
tested by third-generation ELISA (Wantai Biomedical,
Beijing, China).
HIV testing
HIV antibodies were assessed using ELISA (Vironos-
tika HIV Uni-Form II plus O ELISA Kit, Biomerieux,
Netherland) and confirmed by a western blot assay
(Genelabs Diagnostic, Singapore).
Pooled analysis
The data from the male migrants study were pooled
with those from five additional subpopulations that we
had studied between 2010 and 2015 using similar ques-
tionnaires and the same serological assays described
above. Briefly, we included 600 female migrant workers
(age:29.34 ± 8.44), referred to as female migrants [15];
600 female sex workers (FSW) (age: 26.47 ± 6.84) [15];
1336 men attending sexually transmitted infection
clinics, referred to as STI men (age: 37.39 ± 14.13) [12];
439 intravenous drug users (IVDU) (age:45.39 ± 88.41)
[14]; and 226 men having sex with men (MSM) (age:
27.79 ± 7.01) [13]. Thus, a total of 3201 HIV negative
individuals in addition to the aforementioned 983 HIV
negative male migrants were finally included.
All studies had been approved by the Institutional
Review Board (IRB) of Fudan University, Shanghai.
Informed consent was obtained from all subjects, all
study protocols and procedures were in accordance with
the Declaration of Helsinki.
Statistical analysis
The prevalence of KSHV, syphilis, and when available,
HSV2, was examined separately in the six available sub-
populations and eventually combined into three groups:
1) heterosexuals, i.e., migrants of both sexes, FSW, and
STI men; 2) IVDU; and 3) MSM (including 27 MSM
who were formerly included in the STI survey [12]). On
account of the limitations and inconsistencies of sexual
history in study questionnaires, the prevalence of syphilis
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and HSV2 was preferred to number of sexual partners as
proxies of sexual activity. Ninety-five percent confidence
intervals (95% CI) of prevalence were computed according
to the normal approximation to the binomial distribution.
Prevalence ratios (PR) and 95% CI for KSHV positivity
were estimated by the Poisson regression models with
robust variance. PRs were adjusted by age group or by age
group and subpopulation as indicated. Risk trends were
assessed by considering categories as continuous variables.
All statistical analyses were carried out using the SAS
System for Windows (Cary, NC, USA), version 8.0.
Results
Among male migrants, only older age (PR for ≥35
vs. <25 = 0.58, 95% CI: 0.34-1.01) and higher educa-
tion (PR versus primary education = 0.43, 95% CI: 0.23-
0.82, for middle school; and 0.29, 95% CI 0.11-0.80, for
college attendance) were associated with KSHV-positivity
(Table 1). Only 35% of male migrants were living with a
spouse or female partner. The prevalence of antibodies
among male migrants was 9.8% for KSHV (95% CI: 7.9%-
11.7%), 8.3% for HSV2 (95% CI: 6.7%-10.2%), 0.6% for
syphilis (95% CI: 0.2%-1.3%) (Fig. 1) and 0.4% for HCV
(95% CI: 0.1%-0.9%) (data not shown).
Figure 1 shows variations in the prevalence of KSHV,
syphilis and HSV2 in male migrants and in the other five
sub-populations. KSHV prevalence in male and female
migrants, FSW, and STI men was approximately 10%
and significantly lower than in MSM (32.3%; 95% CI:
24.1%-34.1%). IVDU showed an intermediate KSHV
prevalence (17.5%; 95% CI: 14.1%-21.4%). The preva-
lence of syphilis ranged from 0.6% (95% CI: 0.2%-1.3%)
in male migrants to 19.9% (95% CI: 14.9%-25.7%) in
MSM and was also significantly elevated (>10%) in FSW
and STI men (Fig. 1b). HSV2 prevalence was signifi-
cantly higher among FSW (52.1%; 95% CI: 48.1%-56.2%)
and MSM (19.1%; 95% CI: 13.9%-25.3%) as compared
with male (8.3%) and female migrants (15.3%) but it was
not available for STI men and IVDU.
The relationship between KSHV prevalence and syph-
ilis and HSV2 infection in each subpopulation and
pooled PRs according to sexual orientation (heterosexual
or MSM) or IVDU status is shown in Table 2. Syphilis
was significantly associated with KSHV-positivity among
MSM (PR = 2.03, 95% CI: 1.38-2.98) but not in any
group of heterosexual men or women. The pooled PR in
heterosexual subpopulations was 0.97; (95% CI: 0.67-
1.38). Similar results were found for HSV2, i.e., PR = 1.83
(95%:1.22-2.75) in MSM but 1.22 (95% CI: 0.89-1.67) in
the combination of migrant workers and FSW.
Discussion
Our study of HIV-negative men and women from China
shows that KSHV prevalence is approximately 10% in
migrant workers of both sexes, FSW, and STI men but
2- and 3-fold higher in IVDU and MSM, respectively.
We also found a substantial variability in the prevalence
of syphilis (with peaks of >10% in FSW, STI men, and
MSM) and of HSV2 infection which was detected in
more than half of FSW. However, an association of
KSHV with the two STIs was only present among MSM.
Epidemiological data regarding KSHV prevalence and
KS incidence in HIV-negative populations in Asia is
sparse. Compare to the relatively high prevalence of
KSHV, age-standardized incidence rates of KS in the
fourteen highest-quality cancer registries from China
were consistently below 0.3 per 100,000 in both sexes
and no KS cases was recorded in many registries in the
2003-2007 period [17]. Likewise, similarly low KS inci-
dence is found in other cancer registries from Asia, ex-
cept for a few registries in Turkey, Israel, and Qatar [17].
Table 1 Sociodemographic characteristics and KSHV infection
among 983 male migrants, Shanghai, 2015
Characteristic No. (%) KSHV+ (%) PR (95%CI)a
Age (years)
18-24 354 (36.0) 39 (11.0) 1.00
25-34 363 (36.9) 40 (11.0) 1.00 (0.66-1.52)
≥ 35 266 (27.1) 17 (6.4) 0.58 (0.34-1.01)
x2trend = 3.328, P = 0.068
School education
Primary or lower 53 (5.4) 9 (17.0) 1.00
Middle school 846 (86.1) 81 (9.6) 0.43 (0.23-0.82)
College 84 (8.5) 6 (7.1) 0.29 (0.11-0.80)
x2trend = 3.028, P = 0.081
Marital status
Never married 463 (47.1) 52 (11.2) 1.00
Ever married 520 (52.9) 44 (8.5) 0.83 (0.51-1.38)
Stay in Shanghai (yrs)
< 1 235 (23.9) 23 (9.8) 1.00
1-2 278 (28.3) 32 (11.5) 1.17 (0.71-1.93)
≥ 3 470 (47.8) 41 (8.7) 1.01 (0.59-1.69)
x2trend = 0.386, P = 0.534
Monthly income (yuan RMB)
≤ 2000 43 (4.4) 7 (16.3) 1.00
2001-4000 677 (68.9) 59 (8.7) 0.54 (0.26-1.01)
> 4000 263 (26.8) 30 (11.4) 0.72 (0.33-1.57)
x2trend = 0.101, P = 0.750
Living with
Alone 163 (16.6) 14 (8.6) 1.00
With a spouse or partner 348 (35.4) 36 (10.3) 1.31 (0.73-2.32)
With others 472 (48.0) 46 (9.7) 1.06 (0.58-1.91)
aAdjusted by age group
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Under-report of KS in low/medium-income countries is
a possibility but the likeliest explanation of the coexist-
ence of moderate KSHV prevalence with very low inci-
dence of the disease in China is the relative rarity of
HIV infection in the general population. The rapid
expansion of population-based cancer registries in China
[18] will allow us to understand whether any little studied
Chinese region shows a higher KS burden. Indeed, a large
meta-analysis suggested the existence of areas, notably in
the western part of China, in which KSHV prevalence is
20% or more [4].
Unfortunately, the comparisons of KSHV prevalence
from different studies is hampered by the substantial
variations in the sensitivity of KSHV assays [19], a prob-
lem that does not exist in our present surveys in which
two mIFAs were jointly used in one centralized high-
Fig. 1 Prevalence of KSHV (a), Syphilis (b) and HSV2 (c) among different HIV-negative subpopulations China, 2010-2015
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quality laboratory [16]. This strength allowed us to ex-
plore more reliably the possibility of sexual transmission
of KSHV in HIV-negative individuals. Firstly, we found
no significant variations in KSHV prevalence among
subpopulations of heterosexuals with low-risk (migrant
workers of both sexes) or high-risk (FSW and STI men)
sexual behavior. Secondly, we could demonstrate that
two STIs (syphilis and HSV2) were exclusively predicting
the prevalence of KSHV in MSM.
MSM are at strongly increased risk of KSHV in all
studied populations regardless of HIV status [3, 13, 20].
Number of sexual partners, anal and/or oro-genital
intercourse, and history of STIs are recognized risk
factors for the acquisition of the infection in MSM
[7, 9, 21].
KSHV prevalence in our study was also moderately in-
creased but not associated with the prevalence of syph-
ilis in IVDU. Other studies have provided evidence that
KSHV can be transmitted by blood or blood products
[22–24]. The longer the duration of injection drug use
the higher was the risk of KSHV infection independently
from sexual behavior or demographic differences.
We had already reported lack of association of KSHV
prevalence with the number of sexual partners female
migrants and FSW [15] and in STI men [12] but each
individual survey was relatively small and self-reported
number of sexual partners is not necessarily accurate in
China. The current pooled analysis is based on two
objective measures of sexual habits (syphilis and HSV2)
and represents therefore much stronger evidence of the
low sexual transmissibility of KSHV in different hetero-
sexual subpopulations than self-reported sexual habits.
Conclusions
In conclusion, the present study revealed that KSHV in
China is moderately prevalent among HIV negative het-
erosexual individuals, but highly prevalent among MSM.
These results may provide insights into potential future
public health impact of KSHV in the HIV negative
population. The results from current study highlight
Table 2 Prevalence ratios (PR) and 95% confidence intervals (95% CI) of KSHV by prevalence of syphilis and HSV2 in individual
subpopulations and pooled PR among heterosexuals, China 2010-2015
Syphilis HSV2a
No. KSHV+ (%) PR (95% CI)b No. KSHV+ (%) PR (95% CI)b
Male migrants
Negative 977 95 (9.7) 1.00 901 87 (9.7) 1.00
Positive 6 1 (16.7) 1.52 (0.25-9.41) 82 9 (11.0) 1.13 (0.59-2.16)
Female migrants
Negative 583 65 (11.1) 1.00 508 55 (10.8) 1.00
Positive 17 1 (5.9) 0.54 (0.08-3.65) 92 11 (12.0) 1.12 (0.61-2.06)
Female sex workers
Negative 537 56 (10.4) 1.00 287 25 (8.7) 1.00
Positive 63 4 (6.3) 0.63 (0.28-1.75) 313 35 (11.2) 1.31 (0.81-2.12)
Male STI patients
Negative 1167 147 (12.6) 1.00 – – –
Positive 169 25 (14.8) 1.07 (0.71-1.62) – – –
Total heterosexualsc,d
Negative 3264 363 (11.1) 1.00 1696 167 (9.8) 1.00
Positive 255 29 (11.4) 0.97 (0.67-1.38) 487 55 (11.3) 1.22 (0.89-1.67)
Intravenous drug users
Negative 427 76 (17.8) 1.00 – – –
Positive 12 1 (8.3) 0.51 (0.08-3.40) – – –
Men who have sex with mene
Negative 181 48 (26.5) 1.00 161 46 (28.6) 1.00
Positive 45 25 (55.6) 2.03 (1.38-2.98) 38 20 (52.6) 1.83 (1.22-2.75)
aHSV2 findings are based on 2183 individuals only as the test was not done in 1336 STI patients
bAdjusted by age
cAdditionally adjusted by group
dTotal heterosexuals refer to the Male migrants, Female migrants, Female sex workers and Male STI patients, not Intravenous drug users or Men who have sex
with men
eHSV2 status was unknown in 27 MSM
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opportunities and challenges in this field of study. Definitely
further studies are needed, in order to clarify the potential
risk of KSHV transmission in Chinese population.
Abbreviation
CI: Confidence interval; FSW: Female sex-workers; HCV: Hepatitis C virus;
HIV: Human immunodeficiency virus; HSV2: Herpes simplex virus type 2;
IVDU: Intravenous drug-users; KSHV: Kaposi’s sarcoma associated herpesvirus;
MSM: Men having sex with men; PR: Prevalence ratios
Acknowledgments
We would like to thank all the participants in the present study.
Funding
This study was Sponsored by Natural Science Foundation of Shanghai
(17ZR1401400), Doctoral Fund of Ministry of Education of China (Grant No.
20120071120050 to TZ), the United States National Institutes of Health
Fogarty International Center (grant No. D43 TW001492, RO1 CA75903 and
P30 GM103509 to CW) and Shanghai Municipal Health and Family Planning
Commission (grant number GWTD2015S05 and 15GWZK0101 to NH).
Availability of data and materials
The datasets generated and analyzed in the current study are available from
the corresponding author on reasonable request.
Authors’ contributions
TZ and SF designed the research. TZ drafted the Manuscript. ZL, JW assisted
with collection of samples and data collection. ZL performed the experiments.
TZ, ZL, VM and GC performed data analysis. CW, NH and SF were responsible
for overseeing the study and initiation of collaborations. All authors contributed
to study design, final interpretation of results and assisted in writing the
manuscript. All authors read and approved the final manuscript.
Competing interests
The authors declare that we have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study was approved by the Institutional Review Board (IRB) of Fudan
University, Shanghai. Informed consent was obtained from all subjects, all study
protocols and procedures were in accordance with the Declaration of Helsinki.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Department of Epidemiology, School of Public Health, Fudan University,
Shanghai, China. 2Key Laboratory of Public Health Safety (Fudan University),
Ministry of Education, Shanghai, China. 3Nebraska Center of Virology and the
School of Biological Sciences, University of Nebraska-Lincoln, Lincoln, USA.
4International Agency for Research on Cancer, 69372 Lyon, Cedex 08, France.
Received: 11 February 2017 Accepted: 23 May 2017
References
1. Huang LM, Huang SY, Chen MY, Chao MF, Lu CY, Tien HF, et al.
Geographical differences in human herpesvirus 8 seroepidemiology: a
survey of 1,201 individuals in Asia. J Med Virol. 2000;60:290–3.
2. Franceschi S, Maso LD, Rickenbach M, Polesel J, Hirschel B, Cavassini M, et
al. Kaposi sarcoma incidence in the Swiss HIV Cohort Study before and after
highly active antiretroviral therapy. Br J Cancer. 2008;99:800–4.
3. Rohner E, Wyss N, Heg Z, Faralli Z, Mbulaiteye SM, Novak U, et al. HIV and
human herpesvirus 8 co-infection across the globe: Systematic review and
meta-analysis. Int J Cancer. 2016;138:45–54.
4. Zhang T, Shao X, Chen Y, Zhang T, Minhas V, Wood C, et al. Human
herpesvirus 8 seroprevalence, China. Emerg Infect Dis. 2012;18:150–2.
5. Fiore JR, Volpe A, Tosatti MA, De Valentin L, Favia A, Chironna M, et al. High
seroprevalence of human herpesvirus 8 (HHV-8) in HIV-1-infected pregnant
women of Southeastern Italy: association with injection drug use and
hepatitis C virus infection. J Med Virol. 2004;72:656–60.
6. Hladik W, Dollard SC, Mermin J, Fowlkes AL, Downing R, Amin MM, et al.
Transmission of human herpesvirus 8 by blood transfusion. N Engl J Med.
2006;355:1331–8.
7. Dukers NH, Renwick N, Prins M, Geskus RB, Schulz TF, Weverling GJ, et al.
Risk factors for human herpesvirus 8 seropositivity and seroconversion in a
cohort of homosexual men. Am J Epidemiol. 2000;151:213–24.
8. Kedes DH, Operskalski E, Busch M, Kohn R, Flood J, Ganem D. The
seroepidemiology of human herpesvirus 8 (Kaposi's sarcoma-associated
herpesvirus): distribution of infection in KS risk groups and evidence for
sexual transmission. Nat Med. 1996;2:918–24.
9. Smith NA, Sabin CA, Gopal R, Bourboulia D, Labbet W, Boshoff C, et al.
Serologic evidence of human herpesvirus 8 transmission by homosexual
but not heterosexual sex. J Infect Dis. 1999;180:600–6.
10. Martin JN, Ganem DE, Osmond DH, Page-Shafer KA, Macrae D, Kedes DH.
Sexual transmission and the natural history of human herpesvirus 8
infection. N Engl J Med. 1998;338:948–54.
11. Nawar E, Mbulaiteye SM, Gallant JE, Wohl DA, Ardini M, Hendershot T, et al.
Risk factors for Kaposi's sarcoma among HHV-8 seropositive homosexual
men with AIDS. Int J Cancer. 2005;115:296–300.
12. Wang J, Liu S, Cao Y, Yang L, Chen Y, Minhas V, et al. Prevalence of Kaposi's
sarcoma associated herpesvirus among men attending sexually transmitted
infections clinics in Anhui, China. J Med Virol. 2016;88:304–11.
13. Zhang T, Lin H, Minhas V, Zhu W, Wood C, He N. Prevalence and correlates of
Kaposi's sarcoma-associated herpesvirus infection in a sample of men who
have sex with men in Eastern China. Epidemiol Infect. 2013;141:1823–30.
14. Zhang T, Liu Y, Zhang Y, Wang J, Minhas V, Wood C, et al. Seroprevalence
of human herpesvirus 8 and hepatitis C virus among drug users in
Shanghai, China. Viruses. 2014;6:2519–30.
15. Zhang T, Yang Y, Yu F, Zhao Y, Lin F, Minhas V, et al. Kaposi’s sarcoma
associated herpesvirus infection among female sex workers and general
population women in Shanghai, China: a cross-sectional study. BMC Infect
Dis. 2014;14:58.
16. Minhas V, Crosby LN, Crabtree KL, Phiri S, M'Soka TJ, Kankasa C, et al.
Development of an immunofluorescence assay using recombinant proteins
expressed in insect cells to screen and confirm presence of human
herpesvirus 8-specific antibodies. Clin Vaccine Immunol. 2008;15:1259–64.
17. Forman D, Bray F, Brewster DH, Gombe Mbalawa C, Kohler B, Piñeros M, et
al. Cancer Incidence in Five Continents. International Agency for Research
on Cancer: Lyon; 2014.
18. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics
in China, 2015. CA Cancer J Clin. 2016;66:115–32.
19. Morrison BJ, Labo N, Miley WJ, Whitby D. Serodiagnosis for tumor viruses.
Semin Oncol. 2015;42:191–206.
20. Martro E, Esteve A, Schulz TF, Sheldon J, Gambus G, Munoz R, et al. Euro-
Shaks study g: Risk factors for human Herpesvirus 8 infection and AIDS-
associated Kaposi's sarcoma among men who have sex with men in a
European multicentre study. Int J Cancer. 2007;120:1129–35.
21. Nawar EW, Cole SR, Farzadegan H, Witt MD, Jenkins FJ, Margolick JB, et al.
Sexual activity and Kaposi's sarcoma among human immunodeficiency virus
type 1 and human herpesvirus type 8-coinfected men. Ann Epidemiol.
2008;18:517–21.
22. Atkinson J, Edlin BR, Engels EA, Kral AH, Seal K, Gamache CJ, et al.
Seroprevalence of human herpesvirus 8 among injection drug users in San
Francisco. J Infect Dis. 2003;187:974–81.
23. Cannon MJ, Dollard SC, Smith DK, Klein RS, Schuman P, Rich JD, et al. Group
HIVERS: Blood-borne and sexual transmission of human herpesvirus 8 in
women with or at risk for human immunodeficiency virus infection. N Engl
J Med. 2001;344:637–43.
24. Renwick N, Dukers NH, Weverling GJ, Sheldon JA, Schulz TF, Prins M, et al.
Risk factors for human herpesvirus 8 infection in a cohort of drug users in
the Netherlands, 1985-1996. J Infect Dis. 2002;185:1808–12.
Zhang et al. Infectious Agents and Cancer  (2017) 12:32 Page 6 of 6
